Abstract. The work, presented in this paper, appears to be a natural continuation of the work presented and reported before, on the design of power transmission line of a ship, but with different multi-mass model. Some data from the previous investigations are used as a reference data, mainly from the analytical investigations, for the developed in the previous study, frequency and modal analysis of a five mass model of a power transmission line of a ship. In the paper, a profound dynamic analysis of a concrete five mass dynamic model of the power transmission line of a ship is performed using Finite Element Analysis (FEA), based on the previously recommended model, investigated in the previous research and reported before. Thus, the partially validated by frequency analysis five mass model of a power transmission line of a ship is subjected to dynamic analysis. The objective of the work presented in this paper is dynamic modelling of a five mass transmission line of a ship, partial validation of the model and von Mises stress analysis calculation with the help of Finite Element Analysis (FEA) and comparison of the derived results with the analytically calculated values. The partially validated five mass power transmission line of a ship can be used for definition of many dynamic parameters, particularly amplitude of displacement, velocity and acceleration, respectively in time and frequency domain. The frequency behaviour of the model parameters is investigated in frequency domain and it corresponds to the predicted one. Key words: Modal and frequency analysis, power transmission line of a ship, finite element analysis (FEA), five mass dynamic model, natural frequencies, dynamic simulation, dynamic analysis.
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Introduction
The power transmission lines of ships are complex mechanical systems [1, 2] . They serve to deliver the working torque from the engine to the marine propeller [4, 5, 10, 11] . Every transmission line is composed of a crank shaft, a flywheel, one or more intermediate shafts, a support shaft and a marine propeller [4, 5] . This complex dynamic system is subjected to variable moments, which excite torsion vibrations [4, 5, 6, 7, 8, 9] . Dynamic model of a five mass power transmission line of a ship -basic configuration is presented in Fig. 1 [12] .
In this study, the first part of the investigation, the most suitable, validated and reliable model for the dynamic analysis is to be chosen, performed in [12] . The second part of the study, which is a subject of this investigation, is the dynamic analysis, when all the model shafts are going to be loaded with the real external torques, applied on the four discs and on the propeller, respectively.
Two basic conclusions could be used, derived in [12] , analysing the results from the analytical and FEA performed in the study:
• There is a relatively acceptable confirmation between the analytical results, used as a basis in this investigation and the results followed by the FEA. The results derived by the computer analysis are with damping that is why they are expected to be with acceptable precision [12] .
• As a most reliable and precise model, as compared to the analytical analysis, selected for the future dynamic analysis is Model 3, built up and shown in the study [12] . This model is presented in Fig. 2 in the present work.
The objective of the work presented in this paper is dynamic modelling of a five mass model transmission line of a ship, partially validation of the model in the previous study [12] , by modal and frequency analysis, and calculating von Mises stress with the help of Finite Element Analysis (FEA) and comparison with the analytically calculated values. The partially validated five mass power transmission line of a ship model can be used for definition of many dynamic parameters, particularly amplitude of displacement, velocity and acceleration in time and frequency domain. The frequency behaviour of model parameters is investigated in frequency domain and it corresponds to the predicted one.
Mechanical modelling
The selected Model 3 [12] will be used further on, in the planned future dynamic analysis of a five mass power transmission line of a ship, in order to define the shear stresses, typical for the axle pure torsion, as a characteristic loading of the system [12] . After thorough consideration of the investigated models, three of which are given in [12] , also analysing the results, we strongly recommend the model -Model 3, shown in Fig. 4 [12] , and presented here in Fig. 2 below, to be selected as a representative for further investigation in the dynamic analysis, which is going to be shown in this article.
Input loading torques, starting from left to right (see Fig. 2 ), are M 1 , M 2 , M 3 and M 4 (defined below in Fig. 3 ), acting on the corresponding discs and the resistance moment M R , acting on the propeller, in a reverse direction with respect to the previous moments. These moments are presented in Fig 3 . They can be defined by the following equations:
(1)
where M m = 0.5e + 5 [Nm] is the average torque of the torques M (t) decomposition of the gas and the inertia forces, as well as the force-loads acting on each piston, M k = 1.14e + 5 [Nm] is the amplitude of the harmonic components of the torques, excited from the k-th harmonic [4] . In this case, the resonance is predetermined from the third harmonic, i. e. k = 3. The resistant torque is M R = 3.5e + 5 [Nm], excited by the propeller [4] . We assume that it is equal to a constant. Crankshaft angular velocity is ω = 12.92 [s −1 ]. Phase angles of the third harmonic (k = 3) of the torques, acting on the i-th and the first crank are: 
where τ st i,i+1 and τ dyn i,i+1 are the static and the dynamic components of the calculated stresses. Static components can be calculated from the known in the literature [4, 5, 16] formula, expressed as:
where M mi are the average moments, acting on each section, as:
is a resistance (elastic section modulus) moment. 
where: Φ 13 is the resonant amplitude of the first disc, caused by the third harmonic of the first natural frequency. For its determination, numerical results are used, obtained in previous work [1, 3] . In the particular case Φ 13 = 0.00409
[rad]. The mode shapes for the first natural frequency ω 1 have been determined, using the following expressions: The mass moments of inertia I * i and the dynamic model elastic torque constants c * i,i+1 , (i = 1 ÷ 4) are determined in previous works [1, 3, 12] . Their values and values of their natural frequencies and forms are mapped in Table 1 . The estimated full tangential stresses are presented in the Table 2 . The calculated tangential tensions are compared with the admissible values. In this case, the admissible (shear stress) tension is defined to be: 
Numerical results
The established dynamic model, presented in Fig. 2 , was solved numerically and the solution is presented in Fig. 4 . It shows the von Mises stress and figs 5-13 show amplitudes of displacement, velocity and acceleration in time domain of a typical node on the periphery of the shaft, near the propeller and their transforms in frequency domain, using Fast Fourier Transformation (FFT) [13, 14, 15] . The figure shows that the von Mises stress distribution in all the shaft sections, correspond to the theoretically calculated one and presented in Table 2 . In the numerical calculations, a modal damping of a value of 0.1 is used in the modelling of this highly damped dynamic system. This value is selected after data taken from literature, but a more precisely selected value after a practical experiment, could give even better results.
Comparison of the results and analysis
The numerical results, presented in Figs 5-13 show a stable dynamic behaviour of the dynamic system, and particularly von Mises stress distribution, amplitude of displacement, velocity and acceleration, respectively of some typical nodes on the periphery of the shat and tangential to the longitudinal axis. For the sake of illustration, here, one particular node is selected -34201, allocated on the periphery of the shaft, very close to the propeller, which theoretically should be one of the most loaded positions. Figure 5 shows the von Mises stress distribution in time domain and after transformation in frequency domain, using Fast Fourier Transformation (FFT) the graphical interpretation is presented in Fig. 6 . Resonances are at 0 and at 7 Hz. Solution is stable at the equilibrium. Figures 7 and 8 show the displacement of the typical node and the resultant displacement, and the displacement along axis x perpendicular to the longitudinal shaft axis and the node is situated on the surface of the shaft periphery. It is seen, however, that both graphs are almost identical, which could be expected, because of the fact that the shaft is subjected to pure torsion and the rotation (i. e. the displacement along axis x) is the main system motion. Figure 9 shows the displacement time history graph transformed in frequency domain using FFT. Again, the resonances are at 0 and 7 Hz, which gives a very good agreement with the analytical results. Figures 10 and 12 show amplitude of velocity and acceleration of the In Fig. 14 , a double differentiation of the amplitude of displacement, shown in Fig 8 is presented. This is a kind of an independent check for results' correction. Second plot corresponds to the amplitude of velocity, presented in Fig. 10 , and the third plot correspond to the amplitude of acceleration, presented in Fig. 12 , as expected.
Conclusions
In this paper, the partially validated by frequency analysis five mass model of a power transmission line of a ship, reported before, is subjected to dynamic analysis. The predicted numerical results are compared with the analytical ones and the following basic conclusions can be derived:
1. A five mass dynamic multi-mass model is used in the present investigation, partially validated by frequency analysis and reported before. 2. Numerical results fully coincide with the theoretically calculated ones and reported before. 3. Analysis of the results in frequency domain show that the first two system resonances at 0 and 7 Hz are well defined, and there is a good agreement with the predictions of the deliberately performed frequency analysis, reported before. 4. Presented solutions are stable in the equilibrium. 5. The well defined system stress distribution allows a correct selection of the shaft diameter.
The results, achieved in this study, can be a god application in the ship transmission parameters design and calculation in addition to the analytical investigations, popular so far. The computer modelling allows flexibility in the geometrical and system parameters, which are supposed to meet the needs of every individual case study. 
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